The cotton bollworm Helicoverpa armigera (Hubner) (Lepidoptera: Noctuidae) is one of the most serious insect pests in Australia, India and China. The larva causes substantial economical losses to legume, ®bre, cereal oilseed and vegetable crops. This pest has proven to be dif®cult to control by conventional means, mainly due to the development of pesticide resistance. We present here the 2.5 A Ê crystal structure from the novel procarboxypeptidase (PCPAHa) found in the gut extracts from H. armigera larvae, the ®rst one reported for an insect. This metalloprotease is synthesized as a zymogen of 46.6 kDa which, upon in vitro activation with Lys-C endoproteinase, yields a pro-segment of 91 residues and an active carboxypeptidase moiety of 318 residues. Both regions show a three-dimensional structure quite similar to the corresponding structures in mammalian digestive carboxypeptidases, the most relevant structural differences being located in the loops between conserved secondary structure elements, including the primary activation site. This activation site contains the motif (Ala) 5 Lys at the C terminus of the helix connecting the pro-and the carboxypeptidase domains. A remarkable feature of PCPAHa is the occurrence of the same (Ala) 6 Lys near the C terminus of the active enzyme. The presence of Ser255 in PCPAHa instead of Ile and Asp found in the pancreatic A and B forms, respectively, enlarges the S1 H speci®city pocket and in¯uences the substrate preferences of the enzyme. The C-terminal tail of the leech carboxypeptidase inhibitor has been modelled into the PCPAHa active site to explore the substrate preferences and the enzymatic mechanism of this enzyme.
Introduction
Helicoverpa armigera (Lepidoptera: Noctuidae), also known as bollworm or corn earworm, has a widespread distribution in tropical, subtropical and warm temperature regions. H. armigera is a polyphagous pest of 181 plant species, including cotton (Gossypium species) and maize (Zea mays), and is predicted to become an important pest in other crops such as tobacco (Nicotiana tabacum).
1 It is one of the most serious insect pests in important cotton-producing countries like Australia, India and China. The economic problems caused by this voracious insect are enormous, as exempli®ed by the crisis in the cotton production in China after the occurrence of mass outbreaks of H. armigera in 1992.
Until recently, studies of the protein digestion in the insect gut have concentrated mainly on the initial phases of protein and peptide degradation through endopeptidase (trypsin and chymotrypsinlike proteases) activities. 3 However, the products of such endopeptidase cleavage are large peptides, which must be further degraded to be taken up by the insect gut cells. 4 Consequently, exopeptidases such as carboxypeptidases are also signi®cant factors in the overall process of protein digestion.
Recently, a novel procarboxypeptidase from H. armigera (PCPAHa), the ®rst enzyme of this class from a lepidopteran insect, has been characterised by expressing its encoding cDNA in insect cells. 5 . The pre-proprotease sequence contains 426 amino acid residues and exhibits sequence homology with the metallo-carboxypeptidases from mammalian species, and with carboxypeptidases from other invertebrates. Removal of a predicted signal peptide and of the activation peptide results in a product of approximately 35.5 kDa, which is comparable in size to the pancreatic mammalian carboxypeptidases. 6 PCPAHa belongs to the A form of carboxypeptidases and preferentially cleaves aliphatic and aromatic residues. This carboxypeptidase is active over a broad pH range (7.5-10) , displaying maximal activity at pH 8.0. This is in agreement with the report of a maximal peptidase activity in the alkaline region determined in other phytophagous lepidopteran species. 7 ± 9 We have determined the three-dimensional structure of this novel procarboxypeptidase from H. armigera. This is the second structure reported for an insect proteinase 10 and the ®rst for an insect carboxypeptidase. The structure of PCPAHa resembles the mammalian pancreatic procarboxypeptidases, containing a long pro-segment that inhibits the active enzyme without having any direct interaction with the zinc and the active-site region.
Results and Discussion
Overall structure Like other mammalian procarboxypeptidases (PCPs), 6 the H. armigera procarboxypeptidase has a globular shape with two independent domains: the large pro-segment or activation segment, consisting of 91-97 residues, and the active enzyme moiety with 312-318 residues (Figure 1 ). Upon proteolytic cleavage of the zymogen, the interaction of the pro-segment with the enzyme moiety is weakened, allowing the release of the pro-segment. The possible presence of more than one activation site would be in agreement with the connecting loop ( Figure 1 ) being considerably long, lacking any regular structure and containing three basic residues (see also Figure 2 (b)). One particular feature of PCPAHa when compared to the related pancreatic PCPs (PCPA2, PCPB and PCPA1) 11 ± 13 is the slight rotation shift of 2-3 of the whole pro-segment relative to the carboxypeptidase moiety (see Figure 2 (a)). This shift does not seem to compromise the inhibitory capacity of the pro-segment, as the proenzyme has no detectable intrinsic activity (A.B. et al., unpublished results).
Activation segment of PCPAHa
The activation segment of PCPAHa can be described as being composed of two different regions ( Figure 1) : the large N-terminal globular domain, which shields the pre-formed wide activesite depression of the enzyme, and the connecting segment consisting of a long a-helix (a3) that links this globular domain with the carboxypeptidase moiety. 12 The globular N-terminal domain (residues His4A to Val82A) exhibits an open-sandwich antiparallel-a/antiparallel-b-fold, made up by two a-helices and four b-strands arranged with a b1a1b2b3a2b4 topology (Figure 1 ). Despite the relatively low sequence identity of the pro-segment of PCPAHa to those of mammalian carboxypeptidases (around 20 %), the overall folding topology is conserved (Figure 2 ). This structural similarity is higher to the A forms, which lack the 3 10 -helix insertion (43A-46A) that is typical in the B forms. The C-terminal a-helical connecting segment comprising residues Lys83A to Lys99A is followed by a loop that links the pro-peptide with the carboxypeptidase (CP) moiety. Noteworthy is the presence of ®ve consecutive Ala residues followed by an exposed Lys at the end of the connecting segment ( Figure 1 ). This endoprotease cleavage motif that forms the last turn of the a3-helix has never been described before for procarboxypeptidases, and its role is still unclear. Due to its four turns, this a3-helix resembles the connecting helices of PCPA forms, where four and ®ve-turn helices are found (PCPA1 and PCPA2) compared to the two-turn a3-helix observed in PCPB.
Due to the sequence homology and from previous biochemical studies (A.B. et al., unpublished results) it is known that the in vitro activation by Lys-C endoproteinase occurs at Lys99A, located at the end of the activation segment (Figures 1 and  2 ). Although the activation with Lys-C endoproteinase is more ef®cient, the proenzyme can also be activated in vitro by bovine trypsin at Arg4, located just ®ve residues behind Lys99A. On the other hand, the sequence of the carboxypeptidase puri®ed from larval gut extracts is LSF-DKIHSYEEVDAYLQELAKEFPNVVTVV, which coincides with residues numbered 7-36 in Figure 2 (b).
Carboxypeptidase moiety of PCPAHa
The PCPAHa catalytic moiety exhibits the same fold as the other known carboxypeptidase structures:
11 ± 14 a central twisted eight-stranded bsheet (b5-b12)¯anked by eight a-helices (a4-a11), which together form a globular a/b protein ( Figure 1 ). Compared to the structure of the search model (human PCPA2), several insertions and deletions located in the loops that connect the secondary structure elements are required to align both enzymes (Figure 2(a) ), namely: a three residue insertion in the loop between b6 and b7, a four residue deletion between a5 and a6, a three residue insertion between a9 and b11 and a ®nal three residue insertion after b12. Another (Ala) 6 Lys motif, similar to that found in the connecting segment (see above), is located at the end of the last a-helix (a11) which contains six consecutive Ala residues compared to the ®ve described for the activation segment ( Figures 1 and 2(b) ).
PCPAHa possesses only one disul®de bond (Cys138-Cys161), being the only one conserved in all known procarboxypeptidases. However, this protease has an additional buried free cysteine residue (Cys70), following the His69 from the zincbinding motif, replacing the Ala70 currently found in the other enzymes (Figures 2(b) and 3). No catalytic role has been ascribed to this cysteine residue, despite its proximity to the active-site residues.
The active site cleft of the PCPAHa is placed at the C-edge of the central part of the b-sheet of the catalytic moiety. The active site is composed of a zinc atom and the different active subsites (S1 H , S1, S2, S3 and S4, nomenclature according to Schechter & Berger 15 ). In the PCPAHa, the typical Zn 2 coordination also described for the other CPs is found ( Figure 3 ): the zinc ion is pentahedrally coordinated by His69 N d1 , His196 N d1 , both Glu72 O e1 and O e2 atoms, and the``catalytic'' water molecule, which in addition is linked to the general base Glu270 (distance 3.7 A Ê ). As in the other CP structures, the correct arrangement of His196, one of the catalytic Zn 2 ligands, requires the formation of a characteristic cis-peptide bond between Ser197 and Phe198. In the absence of a substrate, the substrate-binding site is apparently empty in the crystal structure of PCPAHa, but contains several disordered solvent molecules. The essential residues for catalysis have been identi®ed on the basis of studies made with CPs and their zymogens. 6, 11, 12, 16, 17 The S1
H subsite, which has a dual positivecharged/hydrophobic nature to anchor and neutralize the scissile C-terminal residue of the substrate, is lined by residues Leu203-Gly207, Ile243-Asp256 and Tyr267-Thr268 ( Figures 3 and 4) . The hydrophobic character of the pocket is mainly provided by Ile243, Ala250 and Leu247 (i.e. residues also conserved in the other CPAs). However, the Ser255 at the bottom of the pocket replacing the aspartic acid or isoleucine residue in CPB and CPA, renders this S1
H pocket larger as well as more polar. The residues Arg145 and Asn144, which extend into this pocket, anchor the negative C-terminal carboxylate of the substrate. The nearby Tyr248 is found in an``up'' conformation in the PCPAHa structure, as currently seen in the empty active sites of the PCP structures, 19, 20, 22 interacting with the side-chains of the residues Val23A and His27A of the pro-segment (see below). The adjacent S1 subsite formed by Arg127 and Glu270 extends, via the S2 and S3 subsites, into the bulk water.
Probable interaction with peptidic substrates
To explore the probable binding geometry of a peptide substrate and the potential enzymatic mechanism of CPAHa, the C-terminal tail Ile62-Pro63-Tyr64-Val655Glu66 of leech carboxypeptidase inhibitor (LCI) has been speci®cally modelled into the active site of PCPAHa based on the structure of LCI in complex with human CPA2. 26 In this Crystal Structure of Procarboxypeptidase from H. armigera 34 (b) Structure-based amino acid sequence alignment between H. armigera PCPAHa, human PCPA2, porcine PCPA1 and porcine PCPB. The numbering of both moieties of the proenzyme is based on three-dimensional topological alignments with the other known procarboxypeptidases structures. 11 ± 13 The numbers of the amino acid positions in the activation segment are followed by an A to distinguish them from positions in the enzyme moiety. An arrow on Leu7 indicates the N terminus of the mature enzyme isolated from larval extracts. The b-sheets (b1 to b12) and the a-helices (a1-a11) are shown by arrows and cylinders, respectively. The alignment was prepared with the DNASTAR software package (Madison, USA). structure, the last ®ve C-terminal residues of LCI represent the``primary'' interaction region believed to interact with the zinc and the subsites S1
H , S1, S2 and S3 in a substrate-like manner. The last residue of the inhibitor (Glu66i) is cleaved off by the carboxypeptidase but remains trapped in the S1
H cavity. In the PCPAHa model the Glu66i has been substituted by Gln in order to remove its charge but allowing polar interaction with the lining residues of the pocket. The model was submitted to several rounds of energy minimisation with XPLOR 18 in order to avoid clashes and ®nd the most favourable conformation.
The current model of the enzyme complex formed with the LCI C-terminal peptide mimics the optimal geometrical conformation and interactions of the substrate in the active site in the pretransition state (Figure 4) . The most accepted model of peptide hydrolysis is the so-called waterpromoted mechanism. 17 In such a model, the catalytic zinc ion together with the other electrophile, the guanidyl group of the Arg127, polarise the carbonyl group of the scissile peptide bond, and simultaneously, the catalytic water molecule is rendered to a potent nucleophile by donation of one proton to the catalytic Glu270. The resulting hydroxyl can attack the carbonyl carbon atom of the scissile peptide bond of the substrate.
In the S1 H subsite the accommodation of the C-terminal Gln66i produces not only a slight shift of the Arg145 and Asn144 side-chains, but also a dramatic (and well-known) conformational change of Tyr248 from the``up'' (Figure 3 ) to the``down'' position ( Figure 4 ). Arg145 and Asn144 side-chains are at interaction distances to the carboxylate oxygen atom of Gln66i, and the hydroxyl side-chain oxygen atom of Tyr248 interacts with the amino group of Gln66i. Such a``down'' conformation of the Tyr248 has been frequently reported in CP and PCP structures containing a substrate/inhibitor inside of the active site. 11, 16, 19 The side-chain of Gln66i ®ts perfectly to the polar environment created at the bottom of the S1
H pocket by Ser255 and Thr268 ( Figure 5) .
It is worth mentioning that whilst some discrepancies appeared recently in the literature for the structures of active carboxypeptidases with respect to the``up'' and``down'' positions of Tyr248, 20, 21 the view is much more homogeneous in the case of the zymogen structures. Thus, it has been reported the``up'' conformation (interacting with residues of the pro-segment) in porcine PCPB and human PCPA2. 11, 12 Only in the case of porcine PCPA1 (with a free valine bound to the S1 H subsite 13 ) and in the benzylsuccinic-complexed PCPA2, 11 the Tyr248 is found in the``down'' conformation.
In the S1 subsite the carbonyl group of the P1-Val65i is directed just to the side of the zinc ion, with its oxygen atom also located close to the guanidinium group of Arg127. The``catalytic'' water molecule is sandwiched between the carbonyl carbon atom of Val65i and the Glu270 carboxylate (Figure 4) . The geometry of the modelled substrate presents a good scenario for the nucleophilic attack of the``catalytic'' water on the scissile peptide bond of the substrate (Val65i-Gln66i). The Arg127 and the zinc atom are optimally placed to stabilize the negative charges formed during the transition state. The amino group of Val65i is also in contact with the hydroxyl oxygen atom of the Tyr248 (as in the S1
H subsite), and its side-chain is located inside a small hydrophobic pocket created by Phe198, Phe279 and Leu247.
The major interaction in the S2 subsite is the hydrogen bond between the carbonyl oxygen atom of the P2-Tyr64i and the guanidinium group of Arg71. This carbonyl group also interacts with the guanidinium group of Arg127, and the phenyl ring in opposite directions from each other around the horizontal axis to show the respective interacting surfaces. The salt-bridges between residues Asp36A, Lys53A and Glu89A from the activation segment and residues Arg71, Asp284 and Arg124 from the carboxypeptidase moiety, respectively, are observable. The Figure was prepared with GRASP. 35 of Phe279, which belong to the S1 and S3 subsites, respectively. The side-chain of Tyr64i is in contact with Arg127, Arg145 and Thr164. In the S3 subsite, the only interactions observed are the contact of the methylene C g and C d of the P3-Pro63i with the phenyl rings of Phe198 and Phe279.
Interaction of the pro-region with the enzyme: the inhibition mechanism
The inhibition of PCPAHa is accomplished through blocking the wide active-site depression by the globular part of the activation segment (Figures 1 and 5) . The activation segment occludes the S2, S3 and S4 subsites of the enzyme, preventing substrates from entering into the active-site groove of the enzyme. The main interactions in this region are the salt-bridge between the sidechain groups of Asp36A with Arg71 (around the S2 subsite), the hydrophobic interactions between the indole group of Trp37A with the phenyl groups of Phe198 and Phe279 (around the S2 and S3 subsites), and the interaction of the His24A and Val20A side-chains with the side-chain of Tyr248 (belonging to the S1
H subsite, but in the``up'' conformation). There is, however, no direct contact of the pro-segment with the zinc atom or with the residues involved in the formation of the S1
H and the S1 subsites. This inhibition mechanism differs from the substrate-like inhibition mechanism of the CP protein inhibitors LCI and potato carboxypeptidase inhibitor (PCI), where a direct contact with the catalytic residues (S1 H and S1 subsites) and the Zn 2 atom of the enzyme occurs. 19, 22 In Figure 5 , the electrostatic interactions between the pro-segment with the carboxypeptidase moiety are shown. In contrast to the structure of porcine PCPB 12 but in agreement with the PCPAs, 11, 13 PCPAHa does not possess any salt-bridge between the active-site residue Arg145 and any acidic residue from the pro-segment. But in the case of PCPAHa, no intrinsic activity is detected in contrast to PCPA1 and PCPA2.
The globular activation domain and the connecting segment (helix a3) contribute differently to the inhibition of the carboxypeptidase moiety. The interaction surfaces of the globular domain (residues His4A-Val82A) and the connecting segment (Lys83A-Lys99A) with the carboxypeptidase moiety are approximately 730 A Ê 2 and 515 A Ê 2 , respectively, which lie within the range of other PCPs structures. 6 Combination of structural information and knowledge about the activation processes of mammalian pancreatic A1, A2 and B forms, 23 ± 25 have helped us to understand the contribution of both parts of the pro-segment in the inhibition of the enzyme.
Conclusions
Here, we present the three-dimensional structure of a procarboxypeptidase from H. armigera, a devastating pest of important crop plants. The structure shows the preservation of the overall fold of exopeptidases throughout the animal kingdom. Thus, the characteristic zinc procarboxypeptidase fold, the catalytic mechanism and the inhibition exerted by the pro-segment seem to be universal. However, despite the general scaffold similarity, structural differences can be found in the loops between the conserved secondary structures, including the loop where the activation processing occurs.
The presence of the amino acid region with the sequence (Ala) n Lys located where the proteolytic activation cleavage of the enzyme is likely to occur, is a remarkable feature of this procarboxypeptidase. The fact that this sequence not only appears at the activation-site of the protease but also near the C terminus, suggests that post-translational protein processing, different from the activation process might occur. We have observed that one of them, from Ala94 to Lys99, is the in vitro activation point for a Lys-speci®c endoproteinase (A.B. et al., unpublished results). Most probably the removal of an octapeptide by the cleavage after the lysine in the second (Ala) n Lys sequence (from Ala303 to Lys309) is a process catalysed in vivo by the same enzyme responsible for activation of PCPAHa. Although we still do not have in vivo evidence for this cleavage, structural data support this possibility, since such a sequence is exposed and thus accessible to this second proteolytic attack.
Trypsin can also activate the pro-enzyme in vitro at Arg4, located just ®ve residues behind Lys99A, but this activation is not as ef®cient as in the case of LysC endopeptidase. The stability and proteolytic activities of the LysC and trypsin-cleaved CPAHa forms in front of the synthetic substrate N-(3-(2-furyl)acryloyl)-Phe-Phe (FAPP) is similar, at 25 C. The puri®cation of a carboxypeptidase enzyme in H. armigera gut extracts with an N-terminal sequence starting at Leu7, as a result of cleavage at Arg6, con®rms that trypsin-like enzymes can sever the unstructured carboxypeptidase N terminus. Our hypothesis about the in vivo activation process would involve a controlled cleavage at the speci®c (Ala) 5 -Lys site by the natural activator, followed by subsequent trimming of the unstructured N terminus by a trypsin-like action up to the sequence found in the carboxypeptidase puri®ed from the larva extracts.
The modelled structure with the reconstructed C-terminal tail of LCI has revealed the optimal geometrical conformation of the residues involved in the substrate-binding subsites of the enzyme. The model provides a good scenario for the waterpromoted catalytic mechanism attained before the transition state occurs, including the interaction between the catalytic residues Glu270 and Arg127 with the catalytic water, the zinc atom and the scissile peptide bond of the C-terminal residue of the substrate. The presence of Ser255 in the S1
H pocket enlarges the classical aliphatic and aromatic substrate preference found in the A forms. Only the carboxypeptidase sequence from the earthworm Lumbricus rubellus possesses a similar residue in its hydrophobic pocket (Protein Data Bank accession number Y09625), but no functional information is available in this case. Functional studies performed with recombinant PCPAHa con®rm this broad substrate preference for this enzyme, including polar residues (A.B. et al., unpublished results).
The quests for an effective, safe and lasting pest management program should be the primary target in the development of new products with a minimal undesirable impact on the environment, which could replace conventional toxic pesticides. The development of pesticide resistance in insects causes the need to inhibit more speci®c enzymatic targets. All attempts to eliminate the H. armigera pest by conventional means have been unsuccessful to date due the build up of resistance to pesticides. 26 Knowledge of the regulation of digestive proteinases at a biochemical and structural level will help to develop new tools to combat this pest.
Materials and Methods

Purification of the carboxypeptidase from H. armigera larval gut
The mature enzyme was puri®ed from H. armigera larval gut extracts (prepared as described by Bown 27 ) by af®nity chromatography using PCI as ligand. After equilibrating the column with 50 mM Tris-HCl (pH 7.5), 0.1 M NaCl, 10 mM benzamidine, 2 mM phenylmethylsulphonyl¯uoride, the larval gut extract was applied to the column, which was subsequently washed with equilibration buffer, and with 0.1 M glycine-NaOH (pH 12.0) (>®ve column volumes each). Speci®cally bound proteins were eluted with 6 M guanidine-HCl, acetone-precipitated and centrifuged. The pellet was redissolved in SDS sample buffer and, after SDS-PAGE, the protein was blotted onto a PVDF membrane, identi®ed by staining with Coomassie blue, excised from the membrane and subjected to N-terminal sequencing on an Applied Biosystems 477A protein sequencer.
Heterologous expression and purification of H. armigera procarboxypeptidase
The cDNA corresponding to the PCPAHa 5 was ampli®ed by PCR with the primers PCP-Ha5
H : GATTCTC-TCGAGAAAAGAAAACATGAAATTTATGATGG and PCP-Ha3
H : CATCCTAGGTTAAGCAGTATTGAGTTT-CTTC and cloned into the extracellular Pichia pastoris expression vector pPIC9. Puri®cation to homogeneity of the proenzyme was made by hydrophobic interaction chromatography (Butyl-Sepharose, TosoHaas) at atmospheric pressure, followed by anion-exchange chromatography (TSK-DEAE 5PW) using an FPLC system with a linear gradient from 0-15 % of 0.8 M ammonium acetate in 10 mM Tris-HCl (pH 8.0), 1 mM ZnCl 2 . Prior to crystallization, the sample was dialysed against 5 mM Tris-HCl (pH 8.0), 1 mM ZnCl 2 , and concentrated to approximately 10 mg/ml (Ultrafree 1 ®lter device from Millipore).
Crystallization and structure determination A single small crystal grew after two months in 30 % (w/v) PEG 8000, 0.2 M sodium acetate, 0.1 M sodium cacodylate (pH 5.5) by mixing 2 ml of the protein sample with 2 ml of the crystallization buffer. Using micro and macro-seeding techniques, large crystals could be produced after a few days, which reached a maximum size (0.4 mm Â 0.3 mm Â 0.5 mm) in approximately one week. The largest crystal was harvested using the reservoir solution and mounted in a thin-walled glass capillary tube. A complete data set up to 2.5 A Ê was collected at room temperature in-house using a 300 mm Mar Research image plate detector. The crystal belonged to space group P2 1 with cell constants a 48.03 A Ê , b 86.39 A Ê , c 50.55 A Ê and b 100.70
, and contained one molecule per asymmetric unit. Diffraction data (see Table 1 ) were evaluated, scaled and reduced with DENZO-SCALEPACK. 29 The PCPAHa structure was solved by molecular replacement with AMoRe, 13 using the structure of human procarboxypeptidase A2 (PDB code 1AYE) as a search model. Diffraction data from 12.0 A Ê to 3.5 A Ê were used to calculate the rotation and translation functions. The correlation factor and the Rfactor of the best solution after rigid body re®nement was 25.5 and 48.5 %, respectively. Model building was done on an SGI graphics workstation using Turbo-FRODO. 30 Calculation of the electron density maps and crystallographic re®nement were performed with X-PLOR 18 and REFMAC/CCP4 program. 31 After several cycles of model building, conjugate gradient minimisation and simulated annealing, a structure with good stereochemistry was obtained. The target parameters of Engh & Huber 32 were used. A Ramachandran plot calculated using the program PROCHECK 33 shows that all the residues fall into the most favoured (86.6 %) or additionally favoured regions (13.4 %). a R merge [AE h AE i jI(h,i) À hI(h)ij/AE h AE i jI(h,i)] Â 100, where I(h,i) is the intensity value of the ith measurement of h and hI(h)i is the corresponding mean value of h for all i measurements of h. The summation is over all measurements.
b R-value (AEjF o À F c j/AEF o ) Â 100. c R free was calculated randomly omitting 7 % of the observed re¯ections from re®nement and R-factor calculation.
The numbering system for the activation segments of procarboxypeptidases is derived from the alignment of all pancreatic-like procarboxypeptidases as described by Garcõ Âa-Sa Âez. 11 The numbers of the amino acid positions at the pro-segment are followed by an A to distinguish them from positions in the enzyme moiety. Following this system, the activation segment of PCPAHa spans from His4A to Lys99A, even though the real length of the activation segment is 91 residues (see Figure 1 for deletions). The numbering of bovine carboxypeptidase A1 is kept for the enzyme moiety.
Protein Data Bank accession number
The coordinates of the H. armigera procarboxypeptidase A (PCPAHa) have been deposited with the PDB ID code 1JQG.
